real variations in growth and weight, as recently worked out in detail by Hatai (I) and Jackson (2) , serve as further controls. Their figures emphasize the need for caution in drawing inferences from slight differences in weight. This is true even for animals of the same litter, maintained under apparently identical conditions.
The literature relating to the experimental extirpation of the thymus has been collected in the exhaustive reviews of Hammar (3), Wiesel (4), Klose (5) , Biedl (6) , Matti (7) , and Hart (8) . Since the effect of removing the thymus of rats has not previously been studied, reference will be made only to the observations that bear upon our work.
METHODS AND TECHNIQUE.
The removal of the thymus was performed upon young rats, ranging in weight from ten to twenty-five grams. When possible the age was accurately determined, but in some litters the age had to be estimated. Probably none of the operated animals were over twenty-one days old when the gland was removed. Two or more rats from each litter were reserved as controls, and kept in the same cage as the operated rats.
The operation was performed aseptically under ether anesthesia. A median incision was made in the lower part of the neck and continued over the upper half of the thorax. The sternum was then split as nearly as possible in the median line as far as the fourth or fifth intercostal space, and the edges were retracted. The triangularis sterni muscle was separated, exposing the thymus, which was carefully dislodged from below upwards with fine blunt forceps, and removed when possible, without laceration or separation of the two lobes. The friability of the gland made this the most difficult part of the operation. The sternum and skin were sutured with silk. Healing in almost all cases took place rapidly and without suppuration. It was found advantageous to use a simple positive pressure apparatus, to prevent collapse of the lung when the pleura was accidentally injured, and to institute artificial respiration when necessary.
In the earlier experiments the control rats were also subjected to etherization and the sternum was incised without removal of the thymus. It was found later that the operation had practically no immediate effects, and this precaution was therefore considered unnecessary.
After the end of the nursing period, the rats were fed principally on bread, sunflower seed, and greens. Meat was not given, and the feeding of milk was given up, since it seemed to favor the spread of infection.
The operated rats together with the controls were kept under observation for varying periods up to six months, and were then killed. They were weighed weekly.
At autopsy the organs of the neck and thorax were removed together. After fixation the lungs and lower half of the heart were dissected off, and the rest of the tissue was embedded in paraffin and cut in series of Io micra in thickness. In the earlier litters each section was mounted, but later only every tenth section was examined. When there was doubt as to the nature of the tissue, the intermediate sections were also studied.
The other organs were fixed in Zenker's fluid, and stained with hematoxylin and eosin. The bones and teeth were fixed in formalin and decalcified in phloroglucin nitric acid, or in some cases, in Mfiller's fluid. The adrenals were fixed in Mfiller-formol solution.
EXPERIMENTAL PART.
26 litters, comprising 118 rats, were used for this study. Of these, 82 were thymectomized, the remainder serving as controls. 19 rats died during or soon after the operation. 5 litters, including 14 operated rats and I I controls, are still under observation. In 18 of the remaining 49 rats, extirpation was proved to have been complete by serial section through the entire neck organs. In one of the rats accessory thymus tissue was found. 5 of the 18 rats showed lesions characteristic of infection with the bacillus of the enteritis group mentioned above, and are excluded on this account.
The following abbreviated protocols, therefore, refer only to rats in which entirpation was proved to have been complete, in which no accessory tissue was present, and which were shown by microscopic study to be free from infection.
The data given in table I afford a decisive answer to the question whether the thymus in rats is a vital organ. The period of survival after operation ranged from 45 to 131 days. The animals of the last group (litters O and P) showed no evidence of illness at that time. Among the litters at present under observation are two rats that have survived the operation for 17o days and are still in good health. It is therefore proved that whatever influence the thymus may have upon growth and nutrition in the rat, it is not essential to life. Sexual maturity, according to Slonaker, is attained at ten weeks, although the maximum weight is not reached until after the first year. The period of observation is therefore sufficiently prolonged, in the case of litters E, M, F, S, O, and P, to carry the animals well past the onset of puberty, at which time in rats (Jackson) and in rabbits (S6derlund and Backman (9)), the thymus has begun its normal involution, and is probably no longer at the height of its functional activity. It is not reasonable to suppose that the fatal effects of thymus deprivation would appear only after the anatomic regression of the organ was well under way. The ten completely thymectomized rats in which microscopic examination showed no evidence of infection were A2, A3, B2, E2, FI, oi, 02, 03, PI, and P2. Two of the rats, A2 and B2, showed TEXT-Fro. 3. between the two controls in weight. below the control.
INFLUENCE
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weighed forty grams less than the normal control, F4, but even extreme variations such as this are apparently not uncommon in rats raised under laboratory conditions2
,~o ! .L2_2~_ On the basis of these facts, and taking into consideration our data relating to rats in which small lobules of thymic tissue were found, but in which there must have been a marked functional deficiency, one must conclude that removal of the thymus in rats does not noticeably affect growth and nutrition.
BEHAVIOR OF THE OPERATED RATS.
If we leave out of consideration all symptoms that could be attributed to accidental infection and that could be duplicated in normal rats experimentally infected with Bacillus enteritidis, no peculiarities in behavior were noted. Particularly to be emphasized is the absence of nervous irritability, tremors, convulsions, and stupor. There was not the slightest evidence of mental deterioration in any of the operated animals, nor was there anything peculiar in their appearance or posture.
LOCAL CHANGES. The large space left by the removal of the gland becomes replaced by adipose tissue, which for a long time, preserves the character of embryonic fat lobules.
The regional lymphatic glands in the ope~:ated rats show a marked hyperplasia. This is accompanied frequently by a distension of the lymph sinuses, with exfoliation of endothelial cells. In some rats the sinuses were found filled with red blood cells, many enclosed in phagocytes.
As regards the behavior of small fragments of thymus tissue not removed at operation, only a few general statements can be made, as a study of the minute regenerative changes do not fall within the scope of the work. The general capacity of small fragments of thymic tissue to regenerate did not appear to be so marked as the statements made by Klose and others led me to believe. The thymic rests found in serial sections were often extremely minute and showed no evidence of active proliferation. They were composed of densely packed small cells, among which were a few complexes of larger, paler epithelial cells. Fully formed, concentrically disposed Hassall bodies were only exceptionally seen. The identification of small masses of tissue as thymus was therefore somewhat difficult, and rested upon the absence of peripheral lymph sinus and the presence of the epithelial cell complexes. Because of the closer crowding of the cells, the staining of the thymus tissue was somewhat deeper than that of the adjacent lymph nodes.
A further differential point observed was the absence of necrotic lesions in the thymic tissue in rats infected with Bacillus enteritidis. The surrounding lymphoid tissue in these rats regularly contained areas of focal necrosis, but in not a single instance was the thymus or the rest of thymic tissue similarly affected. This is in accord with the well known insusceptibility of the thymus to tuberculosis and other specific infections.
THE INFLUENCE OF THYMECTOMY UPON OTHER ORGANS.
Skeletal System.--Particular attention was given to possible alterations in the bones and teeth. The femur, tibia, upper and lower incisors, and in some cases, the ribs, were examined. The methods used included partial decalcification in Miiller's fluid, and staining with hematoxylin and carmine after Schmorl.
I have failed to observe any characteristic qualitative changes which might be brought into relation with the operation. Whenever marked retardation of growth occurred, the bones were shorter, the epiphyseal cartilage narrower, the cortical and trabeculre more slender, and the marrow spaces larger than in the controls. In not a single instance, however, was there marked gross deformity, nor was there any irregularity in the processes of ossification. Rachitis-like lesions like those described by Klose (IO) and Matti (II) in dogs, and by Soli (12) in rabbits were wanting.
The teeth also showed no irregularities in the calcification of the dentine, and none of the animals that were observed over a long period showed spontaneous infarctions such as have been described by Erdheim (13) and Toyofuku (I4) in parathyroidectomized rats.
In the absence of chemical studies it seems unwarranted to deny the influence of the thymus in rats upon skeletal and dental calcification. The foregoing observations, however, certainly afford no histological evidence pointing to such an influence.
Adrenals.--There has been brought forward considerable pathological and experimental evidence indicating a correlation or antagonism between the thymus and the adrenals. Matti (I I) states that in thymectomized dogs, there was regularly observed, on macroscopic examination, a hypertrophy of the adrenal medulla. Histologically, there were found the changes described by Stoerk and yon Haberer (15), as characteristic of hypertrophic medullary tissue. Other references to the condition of the adrenals after thymectomy are less definite. Soli found the adrenals diminished in weight in six chickens and increased in five; in eight guinea pigs it was increased in six and diminished in two. Nordmann (16) describes a hyperemia. Lucien and Parisot (17) found a slight diminution in the absolute weight, and no appreciable change in the relative weight of the adrenals after thymectomy.
Hyperplasia of the thymus after adrenalectomy is described by Calogero (I8), Bonnet (I9), and Auld (2o), and, as pointed out by Hedinger (2i), Hart (22) , Wiesel (23) , Pappenheimer (24) , and others, occurs frequently in Addison's disease.
I have not found definite alterations in the adrenals in thymectomized rats, either in weight or in histological structure. The chromaffin staining tissue was invariably abundant, but not more so than in the controls. Changes in the chromaffin cells which could be interpreted as indicating a hypertrophy were not found. The cortex also showed no structural difference from that of the control ad- 
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Thymectomy ( renals, although special staining of the lipoids was not attempted. The absolute and relative weights of the adrenals in some of the operated litters are appended. Although at first sight the figures appear to indicate a relative increase in the weight of adrenals in the thymectomized rats, this is probably due to the relatively small weight of many of the operated animals rather than to an hypertrophy. That it cannot be directly attributed to the loss of thymus is indicated by the fact that the weight is relatively high also in the splenectomized rats, M 7 and $5. The highest relative weights, moreover, are found in rats MI and U4, which were infected and cachectic, and in which the extirpation of the thymus was incomplete.
Testes.--The condition of the testes in the operated animals and in the corresponding controls is given in table III. In litter A spermatogenesis was not fully established at forty-five days, when the rats were killed. In litter B, at fifty-eight days, both thymectomized and control rats showed spermatogenesis; and this was true in all the other testes examined, except in litter E. Here the development of the testis was further advanced in E2 than in another male of the same litter, E3, in which the removal of the thymus was incomplete. The data are not sufficiently numerous to warrant a final conclusion, but as far as they go, they do not indicate a decided effect of thymectomy upon the testes.
The literature bearing on this question contains contradictory statements. The most extensive experiments made to determine the influence of thymectomy upon the development of the testes are those of Paton (25) . In guinea pigs removal of the thymus was followed by increase in the average weight of the testes, amounting in one series to 46 per cent. Microscopic examinations were not made.
In chickens, rabbits, and guinea pigs Soli (26) obtained opposite results. The testicles in the thymectomized animals killed after five months, were smaller, weighed less than the controls, and failed to show active spermatogenesis. Lucien and Parisot also found a transient retardation in the development of the testicles.
Klose and Vogt (Io) substantiated in dogs the findings of Paton in that they observed a transient hyperplasia of the testes, which disappeared in the cachectic stage. Matti (I I), on the other hand, was unable to determine any relation between thymectomy and the onset of spermatogenesis.
In view of these conflicting statements and our negative findings in rats, it seems premature to attribute to the thymus a direct influence upon the male genital glands. That there exists an inverse relation, however, by which the involution of the thymus is retarded after early castration, may be considered proved, and the numerous experiments of Henderson (27) , Goodall (28) , Caholari (29), Ranzi and Tandler (3o), and Soli and Gellin (3 I) are in agreement on this subject.
Thyroid.--In many of the operated animals the thyroid showed a slight variation in structure from that of the controls. The acini were smaller, the epithelium higher, and the colloid less abundant and less d~nsely stained than in the controls. These differences, however, were not striking, and marked epithelial hyperplasia, with papillary infolding of the epithelium, such as Matti (I I ) describes in thymectomized dogs, was not seen. The impression gained was that the alterations in the thyroid were not specific, but merely accompanied the arrested development. They were equally manifest in rats whose development was retarded by infections or other causes.
Spleen.lSoli found the weight of the spleen in chickens and rabbits unaffected by thymectomy. Lucien and Parisot also found no changes in the weight, but observed in certain cases an increase in the number and size of the follicles. Perrier (32), Klose and Vogt, and Matti have also observed a follicular hyperplasia, followed by atrophy in the athreptic stage.
Klose (5) concludes from these facts that the spleen "may to a certain extent and after a certain interval, take over the function of the ablated thymus." Late extirpation of the thymus, which ordinarily causes only transitory "rachitis-like disturbances of growth," if combined with splenectomy, leads to death within a few weeks. Matti (7) disputes both the facts and the inferences that Klose draws.
I have repeated this experiment in three rats, M3, M4, and S 3, In M3 and M4, the spleen was extirpated I I days after thymectomy. The animals gained steadily in weight until the 47th day after thymectomy, when the weight curve began to decline. M4 was found dead and partially eaten on the 66th day after operation. M 3 became emaciated and weak, and developed diarrhea. It was killed on the 7oth day, and extirpation was proved by serial section to have been complete. A control rat, M7, in which the spleen alone had been removed, weighed at this time seventeen grams more than M3, but also showed a retardation of growth as compared with the unoperated controls, M6 and M8.
This experiment proves that a rat may live for at least fifty-nine days after extirpation of both thymus and spleen. Since the microscopic examination showed ulcerative lesions in the intestine and inflammatory foci in the lungs, it is probable that death was due to intercurrent infection rather than to the lack of these organs.
In rat S 3, which was splenectomized fifteen days after removal of the thymus, there was a normal gain in weight surpassing that o~ a control rat of the same litter ($5) in which the spleen alone:had been extirpated, but lagging somewhat behind the two unoperated controls. It was found dead and partially eaten eighty-eight days after thymectomy. Since the neck organs could not be examined serially, it was not possible to be sure that the thymus had been completely removed.
The absolute and relative weights of the spleen in our series of animals are given in table IV. There is wide variation in the weights and those of the thymectomized rats are sometimes heavier and sometimes lighter than those of the controls. The same variation was noted in the histological pictures. The size of the follicles in well nourished rats was large; in athreptic animals an atrophy of the lymphoid tissue occurred regularly. In no case where the nutrition of operated and control rats was equally good, were striking differences found in the histological picture. It seems therefore that thymectomy in rats does not lead to constant or definite alterations in the structure of the spleen.
Blood.--The differential blood count# on four operated litters are given in table V. The counts are not sufficiently numerous to I wish to express my gratitude to Miss Gertrude Fisher for making the blood counts. Although the counts were not continued for a longer period than five weeks after the operation, the data are given since they may prove of use to other workers in this riel& Litter M. Control  I3  52  26  9  o  II  63  I9  7  o  44  25  24  7  o  23  40  33  4  o  40  25  27  4  4 warrant a minute analysis or to permit of generalizations. There is an evident tendency, particularly in litter S, towards the occurrence of a relatively high proportion of polymorphonuclears during the first weeks after operation. Since the wounds healed aseptically 6 The total leucocyte count in this litter showed no differences between operated rats and controls.
Leucocyte counts were also made on the rats of litters S and P, and no variation from the normal was found.
Large mononuclears and transitionals were counted together.
and the polynucleosis persisted after complete healing, the change in the blood picture is probably due to the loss of the thymus rather than to the effect of the operation. Previous studies of the blood changes in other animals following thymectomy are contradictory. Seiler (33) , who made blood counts upon one of Matti's operated litters of dogs, found a delay in the establishment of the normal percentage of polynuclears; the lymphocytic count remained high for a longer period than in the controls. Matti attributes this to the general retardation in development. However, an inspection of the actual counts made by Seiler several months after the operation shows that the percentage of polymorphonuclears in the thymectomized dogs was slightly higher (72 to 8I per cent.) than in the two controls (65 to 68 per cent.).
Lamp~ and Liesegang (34), who carried out blood studies on Vogt's animals, found a progressive diminution of the lymphocytes to far below their normal values. This is more in accord with my findings, and is also in harmony w.ith the well known occurrence of relative lymphocytosis in Status lymphaticus, Basedow's disease, and other alterations of the ductless glands commonly associated with hyperplasia of the thymus.
CONCLUSIONS.
It has been shown that white rats may survive complete extirpation of the thymus for at least I3I days, even when the operation is performed within the first two weeks of life.
Removal of the thymus does not produce an arrest or retardation of body growth and development.
Qualitative changes in the skeletal system or teeth have not been found. In emaciated, weak animals osteogenesis is less active than in healthy rats, and the long bones are smaller and more delicate in structure. Such quantitative differences appear to depend upon the general nutrition, are equally pronounced in rats whose development is retarded from other causes, and cannot be referred specifically to loss of thymus function.
No constant or characteristic alterations were detected in the spleen, testes, adrenals, or thyroid. Whatever functional correla-tions may exist between thymus and any or all of these organs are not ev.ident from the occurrence of histological changes after the removal of the thymus.
The relative proportion of lymphocytes in the blood is diminished for the first few weeks after the operation. We have not determined how long this alteration in the leucocytic formula persists.
Since this paper went to press an article has appeared by Klose, s describing briefly the results of thymus extirpation in pigs, goats, rats, and chickens. In rats thymectomized on the fourteenth day, there followed a progressive cachexia terminating in death after eight to ten weeks. Disturbances in ossification, which macroscopically and microscopically were identical with those of human rickets, developed also in the ribs and long bones. Some of Klose's litters failed to show these lesions, and this negative result is explained as having been due to the presence of thymic tissue within the thyroid gland.
The observations of Klose are in direct contradiction to the negative results described in this paper. Since the possible presence of accessory thymus tissue either within the thyroid or elsewhere was carefully excluded in my experiments, the discrepancy between my findings and those of Klose cannot be explained upon this basis.
Since this paper was sent to the publisher I have studied two additional rats which were killed I85 days after operation. Minute examination of a complete series of the neck organs, including the thyroid, failed to show any tissue which could be interpreted as thymus. The bones showed no rachitic changes.
The infective origin of rachitic and osteomalacic lesions in rats has been established by Morpurgo. Although reference is made by Klose to Morpurgo's work, the data given by him do not enable one to judge whether this infection was definitely excluded. 
